This paper deconstructs the relationship between the Environmental Sustainability Index (ESI) and national income. The ESI attempts to provide a single figure which encapsulates 'environmental sustainability' for each country included in the analysis, and this allied with a 'league table' format so as to name and shame bad performers, has resulted in widespread reporting within the popular presses of a number of countries. In essence, the higher the value of the ESI then the more 'environmentally sustainable' a country is deemed to be. A logical progression beyond the use of the ESI to publicise environmental sustainability is its use within a more analytical context. Thus an index designed to simplify in order to have an impact on policy is used to try and understand causes of good and bad performance in environmental sustainability. For example the creators of the ESI claim that ESI is related to GDP/capita (adjusted for Purchasing Power Parity) such that the ESI increases linearly with wealth. While this may in a sense be a comforting picture, do the variables within the ESI allow for alternatives to the story, and if they do then what are the repercussions for those producing such indices for broad consumption amongst the policy makers, mangers, the press etc.? The latter point is especially important given the appetite for such indices amongst nonspecialists, and for all their weaknesses the ESI and other such aggregated indices will not go away.
INTRODUCTION
With the turn of the 21 st century there is an increasing popularity of indices of environmental sustainability promoted by powerful groups such as the World Economic Forum (WEF). The
Environmental Sustainability Index (ESI), created in 1999 by Yale and Colombia Universities in the USA (the self-styled 'Global Leaders of Tomorrow'), is one such index. The ESI combines a variety of diverse data sets including ambient pollution and emissions of pollutants to impacts on human health and being a signatory to international agreements.
Values of the ESI for each country vary between 0 (most unsustainable) to 100 (most sustainable), and as with the Human Development Index of the United Nations Development
Programme the results for individual countries are presented in a league table format with the aim of naming and shaming bad performance. As with many such aggregated indices the idea is straightforward -to condense complex data sets into a single value that can be easily interpreted and make the results as accessible as possible. Indeed the project has been successful at least in the sense that the ESI league tables have been widely reported in the popular press. The following are but a few examples:
"Finland is the world leader in pursuing environmental friendly policies, according to a study of 146 countries for a global index that ranks North Korea, Iraq and Taiwan at the bottom."
The Economic Times (January 28 th , 2005) Building upon this success, the creators of the ESI are understandably confident that it will continue to grow in popularity:
" A logical step taken by the creators of the ESI, and indeed one that is echoed in much of the press reporting such as the examples provided above, is to link the ESI with national income. Esty (2001) claims the relationship to be highly significant and linear such that the ESI increases with GDP/capita (adjusted for Purchasing Power Parity). This relationship is presented in the ESI reports in the form of a graph such as that of Figure 1 along with associated commentary. Esty (2001: page 10611) has suggested that good economic performance is a result of good environmental performance rather than the reverse:
"While the stronger hypothesis -that good environmental performance leads to good economic results -cannot be confirmed, the long-standing development theory, which argues that countries must get rich before they get clean, appears to be strongly disproved".
Others have suggested that increasing economic returns can follow an abatement of pollution (Andreoni and Levinson, 2001) , and the assertion for a positive linear relationship with GDP/capita is repeated in the ESI report of (Esty et al., 2005 page 26) where the R 2 is claimed to be 23%. Indeed Figure 1 has been constructed by this author from the ESI indices presented in the 2005 report, and the regression model is statistically significant at P < 0.001.
The authors of the ESI report explain this link in straightforward terms as "this result suggests that richer countries can -and do -invest in pollution control and other environmental
amenities" although it is also acknowledged that "high-income countries put significantly more stress on their environments than low-income ones" (Esty et al., 2005; page 26) and that there are 'outliers' -countries that perform better or worse than their income would predict.
After all, an R 2 of 23% still leaves 77% of the variation unexplained by the 'best fit' regression model. <Figure 1 near here> Potentially this conclusion of an increase in wealth broadly leading to a better environment is of much interest, especially to those countries undergoing rapid economic development such as China but also globally. It certainly provides a comforting perspective even when allowing for some under and over-performance as predicted by income. However, is the ESI-based evidence conclusive?
This paper will deconstruct the simplistic linearity of the comforting linear ESI-income relationship, from here on referred to as the LEI, even if it is appealing. Do the variables within the ESI allow for alternatives to the story, and if they do then what are the repercussions for those producing such indices for broad consumption amongst the policy makers, mangers, the press etc.? The latter point is especially important given the appetite for such indices amongst non-specialists, and for all their weaknesses the ESI and other such aggregated indices will not go away. The paper will begin with a brief summary of the ESI and the research to date which has attempted to relate environmental sustainability to national income and then use this theory to deconstruct the ESI-income regression.
ENVIRONMETNAL SUSTAINABILITY INDEX (ESI)
The methodology to arrive at the ESI for a country is somewhat complex, and details can be found in the reports available at www.ciesin.columbia.edu/indicators/ESI/). Hence only a summary will be provided here for the ESI 2005. It should be noted that there was significant variation in methodology, including the selection of variables, across the three published versions of the ESI to date (2001, 2002 and 2005) , but throughout these versions the underlying principle is the same -an aggregation of complexity into a single index.
The ESI 2005 process begins with raw data sets for 76 variables (Table 1) 
If high values are deemed to be bad for sustainability (e.g. emissions of pollutants) then the z value is given by:
mean -country value
The average z-value is then found for each indicator and these are in turn averaged to yield the ESI after conversion to a more intuitively meaningful statistic by calculating the 'standardised normal percentile'. The result is a set of numbers with a theoretical minimum of 0 and a theoretical maximum of 100. The higher the ESI then the better the environmental sustainability for that country.
<Table 1 near here> While there is no doubt of the high profile and popularity of the ESI reports as illustrated in the quotations above the nature of the index is not beyond reproach and has attracted criticism. To begin with it is a snapshot -a slice in time -and it would be far better to have a time-series dataset for individual countries. The ESI has only been published for three years (2001, 2002 and 2005) and the methodology does vary over those years making a time-series based analysis difficult. Secondly, the nation-state bounded nature of the ESI ignores the obvious fact that pollution can cross frontiers and indeed some countries will 'export' dirty and low wage production to developing countries thereby exacerbating the variation in the ESI (Lawn, 2007, pp 238-242 
LINKING NATIONAL WEALTH AND ENVIRONMENTAL DEGRADATION
Linking environmental degradation to economic performance at nation-state levels does have something of a long and complex pedigree that predates the ESI reports. Perhaps the best known theory of such a relationship is expressed in terms of the Environmental Kuznets Curve (EKC). The EKC is perhaps one of the iconic visual images of sustainable development (Nahman and Antrobus, 2005) . The theory behind it is simple (Figure 2a ), but does deviate somewhat from the LEI. In essence the EKC implies that as income of a geographical region (e.g. a country) increases then so does environmental degradation (a decline in environmental 'quality') but at a certain point the relationship reversesdegradation declines as income increases further (Jha and Bhanu Murthy, 2003a; Stern, 2004) . It is theorized that at some level of income the population begins to value the environment and this leads to responses such as pressure being placed (legal, moral or otherwise) on the polluters to reduce the damage which they are inflicting (Dasgupta et al., 2002; Jha and Bhanu Murthy, 2003a; Di Vita, 2004; Stern, 2004; Dinda, 2005) . As a result damaging processes are replaced by less damaging ones or perhaps closed altogether. Thus whereas the LEI relationship suggests that environmental sustainability improves more of less continuously with national wealth the EKC provides a more complex and less comforting theory that environmental degradation actually worsens with wealth before improving. As already discussed environmental sustainability (as envisioned in the ESI) is admittedly not the same as environmental degradation but one would expect them to be inversely relateddegradation should, by definition, imply unsustainability.
<Figure 2 near here>
In contrast to the 'bullish' expression of the LEI regression in the ESI reports proof for the EKC has been less forthcoming and indeed has been somewhat contentious. Given the extent of the EKC literature this paper can only aspire to touch upon the topic rather than provide an exhaustive review. Theory suggests that the EKC should have a quadratic form (Torras and Boyce, 1998; Dasgupta et al., 2002; Cole, 2003) , 1997; Lindmark, 2004; Hartman and Kwon, 2005; Chimeli and Braden, 2005) , deforestation (Mather et al., 1999; Koop and Tole, 1999) and threatened species (McPherson and Nieswiadomy, 2005) . However, one problem with the cross-sectional approach is that there may be cross-country interactions at play in environmental degradation that could generate an EKC but by a different set of mechanisms than originally postulated.
Pollution, of course, does not respect borders, and indeed some richer countries may 'export' their polluting industries to poorer ones; the so-called Pollution Haven Hypothesis (Cole, 2004) .
In a further development that provides some methodological resonance with the LEI graphs Nonetheless given that the meaning of 'degradation' and 'quality' can be rather subjective, and given that environmental data can be 'noisy', it is perhaps no surprise that conclusive evidence for a quadratic form of EKC has been elusive (Stern et al., 1996; Ekins, 1997; Perman and Stern, 2003; Stern, 2004; Galeotti and Lanza, 2005; Nahman and Antrobus, 2005) . Indeed it has been postulated that an a priori assumption of a quadratic type curve and the economic theory upon which it is based may be deceptive (Galeotti and Lanza, 2005) .
After all as with the LEI any attempt to generate an EKC from a complex set of empirical data inevitably involves a reduction of complexity and thus is arbitrary (Harbaugh et al. 2002) . Given that environmental sustainability and environmental degradation are relateddegradation would by definition suggest unsustainability -then can the ESI datasets be used to generate an EKC or does the story continuously point towards a linear, simple and comforting improvement in sustainability with income? The ESI is an aggregate index combining many variables, and it may be that while the variables could suggest an EKC the result of aggregation may be to lose that detail and leave the tempting mirage of the LEI.
METHODOLOGY
For the purposes of this study it was decided to employ the z-values of the variables as The ESI variables can be placed into four categories based on the Pressure-State-ImpactResponse (PSIR) framework as shown in 
RESULTS
The matrix of correlation coefficients between the ESI variables classified as 'pressure' and those as 'state' is shown as Table 2 . It is these matrices which formed the basis of the PCA, and the results are shown as GDP/capita ($0000, PPP) as shown in Figure 4 . As income increases then so do the pressure PCs (pressure on the environment increases) until a point is reached where the pressure begins to decline. The R 2 for both these components are 76% and 21% respectively, and hence are at least comparable to the 23% R 2 of the LEI in Figure 1 . Similarly, the state 1 st and 2 nd principal components can also be significantly regressed using a quadratic model onto GDP/capita The assumption behind the quadratic form of the EKC is that as income increases then a host of mitigating factors come into play such as a switching to less polluting industries as a consequence of better regulation/ enforcement and investment in cleaner technologies. Do the ESI 'response' variables support such an assertion that 'response' gets better with income?
The correlation coefficients and PCA for the response variables are presented in Tables 2 and is presented as Figure 6 . implies that the environment will eventually get 'better' as income increases while the logarithmic model implies that it will not, although the rate of decline in environmental quality does fall. In either case a separation of state and pressure components from the ESI does provide for a more complex argument than a simple 'more income equals better sustainability' implied by the LEI in Figure 1 .
DISCUSSION
The ESI is, by design not accident, a simplified measure of environmental sustainability, and includes a substantial proportion of 'response' variables that are positively related to income.
The simplification was for a purpose -to generate a single value representing 'environmental sustainability' which can be used to rank countries and thereby put peer pressure on politicians, policy makers and mangers to make decisions that enhance sustainability. The ESI is not meant to help us understand environmental sustainability. However, despite the limitations it is easy to appreciate the temptation to use the ESI to explore cause-effects in environmental sustainability, and one of them is the link with national income. Indeed this is a relationship that does receive some prominence within the ESI reports. Taking the index as a whole there is a very comforting 'linear' improvement in environmental sustainability with income. Countries having a low income also have low values for the ESI and vice versa. In fairness to its creators, they do stress the reverse cause-effect (better sustainability gives better economic performance) but it is more likely that the message implied by graphs such as , 1996; Ekins, 1997; Perman and Stern, 2003; Stern, 2004; Galeotti and Lanza, 2005; Nahman and Antrobus, 2005) . It could be argued, of course, that the quadratic form of the EKC is 'real' and that there are simply not enough rich countries to pull the curve down in a way which limits the explanatory power of other models. In other words, the more or less linear part of the EKC which operates at lower levels of national income is dominating the analysis, and what is needed is for more countries to get richer. This is a similar argument, albeit on a larger scale, to that employed by Khanna and Plassmann (2004) for their study of the demands for better environmental quality in US households.
Some points of caution do need to be mentioned. The impact on environmental quality of the pressure and state variables employed in the analysis could be far more complex and indeed there could be thresholds beyond which the impact could be far greater (multiplier effects).
Thus while both models imply that the rate of change of degradation with income slows down as income increases the impact could continue to increase at a much higher rate and 'flip' the environment from a desired state to one which is distinctly undesirable. There are also sociocultural aspects to consider. Even if the degradation of the environment with increasing income is deemed to be an acceptable 'trade off' and does not damage critical natural capital to the extent that recovery is impossible, are the changes acceptable in a socio-cultural sense?
Having made that point it has to be said that recent evidence suggests that many developing countries are already putting in place standards within short time scales that could lead them to performing much better than their ranking along the horizontal axis of the EKC would suggest (Dasgupta et al., 2002; Stern, 2004) .
Nonetheless the main point is both of these alternative analyses -quadratic and logarithmicprovide quite different perspectives upon the link between national income and environmental degradation (sustainability) to that of Figure 1 , even if it is the latter which receives the greater publicity. Environmental sustainability is, of course, not the same thing as environmental quality or degradation, and clearly much depends on exactly what is being measured, when and how. In order to encapsulate a dynamic sense of sustainability the ESI includes 'impact' and 'response' components alongside measures of environmental quality rather than supply four separate indices of pressure, state, impact and response. Given that the 'response' variables are positively related to income then this component swamps the 'state'
and 'pressure' components and generates the positive association between ESI and income.
Somewhat perversely it is possible for environmental degradation to worsen while environmental sustainability as encapsulated by the ESI improves! Irrespective as to whether the environmental quality-income relationship is quadratic, cubic or logarithmic the danger is that many of those reporting or indeed 'using' the ESI to formulate policy will not look further than the LEI of Figure 1 presented in the report and make an assumption that that the environment will broadly get 'better' with increasing income, even if the existence of 'outliers' is acknowledged.
Therefore, those generating such aggregated indices clearly have much responsibility. Indices such as the ESI were not created in order to help understand cause-effect relationships as their prime purpose. Instead they were created to highlight the importance of an issue -such as environmental sustainability -and help provide pressure for positive change. While it is readily acknowledged that indices such as the ESI are human constructs and thus have a strong element of subjectivity inherent within them, they do nonetheless have a role to play.
As shown in this paper, problems can occur if they are taken too literally as objective measures and thereby used to understand complex processes and relationships within a broad cause-effect context. The creators of the ESI encourage that 'use' of the index by presenting such analyses within their reports, but care needs to be taken to think through the repercussions that can arise from such simplistic cause-effect conclusions.
CONCLUSIONS
Those creating and promoting indices such as the ESI do have substantial responsibility. After all, by design and not accident it is their voice that has the best chance of being heard. The ESI is a powerful tool that has been successful in terms of its reporting by the popular media and through that vehicle it has undoubtedly influenced policy. Given the prominence of economic development amongst politicians and indeed the general public it is a natural extension to link environmental performance as measured with the ESI to income. But the ESI is a broad-based index of environmental sustainability that has elements which attempt to gauge environmental quality packaged with others that do not. This can generate misleading conclusions with regard to a linkage with income, and place into shadow much of the extensive literature based on the EKC and other such models which show that environmental quality has a far more complex relationship to income.
In fairness it has to be stressed that the creators of the ESI have been very diligent in terms of their presentation of the index in the reports. All methods and datasets used in the construction of the index are readily accessible, and there is an effort to listen to and address criticism. The problems related in this paper are more to do with interpretation of the ESI once placed into the public domain, especially a tendency to relate it to highly sensitive variables such as income. The ESI makes a valuable contribution in that it does help to raise the importance of environmental sustainability amongst groups who have the power to do something, and the inclusion of variables that gauge response is a novel and positive step.
Clearly there is a tension between the need to simplify for busy policy makers, managers, journalists etc. to absorb a broad trend while there is also a necessity to avoid dangerous oversimplification. Getting this balance right is admittedly not easy, and adds a further level of complication beyond issues of choice of variable, data quality etc. It is all too easy to become fixated on the technicalities of such indices, but the evidence from this paper suggests that an appreciation as to how the index may be applied cannot be avoided. This is an area of research that has not received anything like the attention as the more technical aspects of index creation, and the ESI does provide something of a unique example given that elements of pressure-state-impact-response are rolled into one index and the fact that it has the high level of exposure that follows in part from its promotion by a powerful body -the WEF. Even so the following quotation encapsulates the need to go beyond technical concerns of index 
